SUMMARY In order to elucidate the origin of giant cells in giant cell myocarditis a case has been studied immunohistologically using monoclonal antibodies against a variety of antigens, including those associated with muscle and macrophages. The results strongly suggest that the giant cells are derived from macrophages rather than the muscle cells.
Giant cell myocarditis is a rare condition of unknown aetiology, which is usually rapidly fatal. There is a characteristic histological picture with prominent areas of myocardial cell necrosis associated with a florid histiocytic and eosinophilic infiltrate.' Large numbers of giant cells are present in and around the necrotic areas and, in sections longitudinal to the myocardial fibres, the giant cells are occasionally seen in close association with the end of a degenerating fibre. This observation has led to the view that at least some of the giant cells are of myogenic origin.' 2 This has been supported by electron microscopic studies, in which filaments, interpreted as myofibrils, have been found in the giant cells,' 34 and also by the absence of lysozyme, a macrophage associated marker, from the giant cells4
This report describes a case of giant cell myocarditis from which fresh tissue was obtained, making it possible to analyse the nature of the giant cells using a panel of monoclonal antibodies directed against a variety of antigens, including those associated with macrophages and muscle cells.
Patient details
A necropsy was performed on a 27 year old woman within 24 h of death. She had suffered a three week illness characterised by syncope, chest pain, dyspnoea, and arrhythmias. The heart was enlarged (540 g) with both left and right ventricular hypertrophy. The myocardium of both ventricles showed blotchy pallor with numerous small areas of apparent necrosis. There was no overt endocarditis or pericarditis.
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Multiple blocks of the heart were taken and fixed in 10% formol-saline, at pH 7-4, followed by dehydration and embedding in paraffin wax. Sections were cut at [3] [4] [5] ,.m and stained with haematoxylin and eosin, elastic van Many were contiguous with the ends of myocardial fibres (Fig. 1 ). The inflammatory infiltrate was diffuse, and granuloma formation was not observed. No bacteria, parasites, fungi, or protozoa were evident with any of the stains used, and no viruses were isolated after tissue culture.
IMMUNOHISTOLOGY
The most striking finding was that the giant cells were strongly labelled by two monoclonal antibodies previously shown to react with human tissue macrophages (Fig. 2) . None of the giant cells showed any labelling with the monoclonal antibody against the muscle associated intermediate filament desmin, although there was strong staining of all the muscle fibres with this antibody (Fig. 3) . Of the antilymphoid antibodies, only anti-Leu 3a (helper T cell) stained the giant cells. This antibody also stained surrounding macrophages, however, which is in keeping with a well recognised cross reactive labelling pattern previously observed with antibodies of this specificity."I
The mononuclear inflammatory infiltrate sur-* '0*.,.. The monoclonal antibody Ki67 showed nuclear labelling of about 10% of the mononuclear inflammatory cells but gave no staining of either the giant cells or the myocardial fibres.
There was no staining of the giant cells or myocardial fibres with antilysozyme, although weak staining of moderate numbers of mononuclear inflammatory cells was present. There was weak cytoplasmic staining of some of the giant cells with anti-a,-antitrypsin.
ELECTRON MICROSCOPY
The myocardial cells and many of the inflammatory cells were moderately well preserved ultrastructurally. Several giant cells were observed which contained large numbers of cytoplasmic vacuoles but no myofibrils. Giant cells were not seen in immediate proximity to the end of myocardial fibres, although several mononuclear inflammatory cells were, and The present case of giant cell myocarditis is, to our knowledge, the first in which there has been an opportunity to study this rare condition immunohistologically using monoclonal antibodies. A panel of antibodies against a wide variety of antigens, including those associated with muscle and macrophages, has been used in order to characterise the giant cells.
The immunohistological results are strongly in favour of the view that the giant cells are related to macrophages and not to cardiac muscle cells. In this study the giant cells were positively labelled by two different antimacrophage antibodies, and showed no staining for desmin, the characteristic intermediate filament of muscle. All the myocardial fibres, including those undergoing necrosis, showed strong staining with antidesmin and were completely unreactive with the antimacrophage antibodies. Furthermore, the results with antibody Ki67, which recognises an antigen present in proliferating nuclei, provide additional evidence against a myogenic origin. About 10% of the inflammatory cells, including both lymphocytes and mononuclear phagocytes, were positive (and thus in the cell cycle), whereas the giant cell and myocardial cell nuclei showed no staining. The absence of lysozyme from the giant cells in the case reported by Tubbs4 was taken as evidence of a myogenic origin. It is well recognised, however, that this marker fails to stain some macrophages'4 so that its absence is a weak argument against a macrophage origin. Indeed, in our case not only the giant cells but also many of the interstitial mononuclear macrophages failed to stain for lysozyme, providing further evidence of its limited value as a macrophage marker.
In conclusion, the present study has shown that the characteristic giant cells in this case of giant cell myocarditis show phenotypic markers of macrophages but do not contain a muscle cell marker. Thus they are probably derived from macrophages. Since the aetiology of this condition is unknown, however, it is possible that the characteristic histological appearances are non-specific and may arise in severe myocarditis of different causes and in other cases the giant cells may be of myogenic origin. Therefore, in order to confirm the results of this study or to provide possible evidence of the heterogeneous nature of giant cell myocarditis, it will be necessary to investigate further cases as they become available, using either necropsy or endomyocardial biopsy material.
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